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• Direct search of new physics effects from striking signatures at the LHC:
• low-velocity massive charged particles with high pT
• long lived neutral particles decaying in heavy-flavor jets
• Ideal candidates for an early discovery
• can be observed with low integrated luminosity at beginning of data taking
• Experimental issues resulting from the “non conventional” signatures
•  special attention to trigger and detector operation is crucial
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• Meta-stable heavy charged particles: 
• charged: stau
• charged and coloured: gluino, stop
• Long lived neutral particles:
• Hidden Valley particles
Outline
Related talk at this conference: 
M.Chiorboli - Prospects for non-standard SUSY searches at LHC - SUSY session
Example model: GMSB
co-NSLP: stau, selectron
- x-sections ~O(10)  pb
- cascade decay
- NLSP can be very long lived
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Meta-stable s-leptons and R-hadrons
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• Predicted by many BSM models: GMSB, Split-SUSY, Extra-Dimensions, mSUGRA ...
• Common signature largely model independent:
• heavy slow charged particles with high transverse momentum:  large dE/dx, long TOF
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which have β close to unity are indistinguishable from ordinary muons. Those with β significantly lower1
than 1 could be identified and their mass determined.2
In ATLAS event fragments from different parts of the detector are assiged to a particular bunch3
crossing (BC) using the BC identifier (BCID). The usual assumption is that the particles traverse the4
detector at nearly at the speed of light (β ≈ 1). Hits from a slower particle may be lost during data5
collection, or may be marked with the wrong BCID. The implications of low particle speed in the ATLAS6
trigger and data acquisition design are considered below.7
This note does not address the case where the decay length of heavy charged NLSP is such that a8
significant number of particles will decay inside the tracking volume.9
5.1 Datasets used10
This analysis is based on a data sample of 10,000 events from the CSC production generated with the11
characteristics of GMSB point 5: Λ= 30 TeV , Mm = 250 TeV, N5 = 3, tanβ = 5, sgn(µ) = +,Cgrav =12
5000. At this point the squarks and gluinos have asses around 700 GeV, the neutralino has a mass of13
114 GeV and the τ˜ and ˜! have masses of 102 and 100 GeV respectively. The cross-section for this point14
is 23 pb and the τ˜ , e˜ and µ˜ are co-NLSPs and are produced in the decay χ˜0→ ˜!±!∓. Because of the15
small mass difference between the neutralino and the slepton, the ˜! and lepton are nearly collinear. The16
pT and β spectra of the sleptons and accompanying leptons are shown in Fig. 13.17
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Figure 13: Transverse momentum and velocity spectra for sleptons and accompanying leptons from the
GMSB5 sample.
GMSB5 is a single benchmark point and cannot be taken to represent all the possibilities of long-18
lived particle production. Some issues that impact our ability to discover long-lived new particles, if19
they exist, depend on the mass and β spectrum of these particles. In order to make our study less model20
dependent we also used for this study additional samples of events containing a single τ˜ each, generated21
at different β with a uniform η distribution between η =−3 and η =+3.22
Split-SUSY events containing long-lived gluinos with masses of 300 GeV and 1000 GeV were also23
used to assess the efficiency of the slow particle trigger, as discussed below. The generation and simula-24
tion of these Split-SUSY events is described in Section 6.25
For the background study we used single muon events from the CSC production. They were produced26
at constant pT with a uniform η distribution, like the single τ˜ samples. We used cross-section estimates27
of 1000 pb (200 pb) for muons with pT> 40 GeV (> 100 GeV) inside the ATLAS acceptance of |η |< 2.528
[46].29
Best  Mass limits 
    Ml > 90÷105 GeV (CDF/LEP)





- x-sections 10-3÷103 pb 
- direct production:  gg→gg
- hadronize to long-lived R-hadrons (gqq, gqqq,gg)
- do not shower in calorimeters
~~
~  - ~ ~
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The simulation of a long-lived heavy sleptons in the ATLAS detector required a special patch to1
GEANT4 [47].2
5.2 Trigger and DAQ issues3
When trying to identify slow particles [48, 49] one must pay special attention to the dimensions of AT-4
LAS. Since the detector extends over 20m in length from the interaction point to each detector side and5
the bunch crossing period is 25ns, this means that particles from three separate bunch crossings can6
co-exist in the detector at the same time.7
As described above, the matching of event fragments from different subdetectors is achieved using8
the BCID. This is calibrated so that particles originating together at the interaction point and traveling at9
the speed of light will have the same BCID assigned to them in all detector elements.10
When β is sufficiently small, the particle will take longer to reach the detectors (especially those far11
from the interaction point) and hits may be assigned a wrong BCID and thus not be read-out. Figure 1412
shows the efficiency with which slepton hits in the muon trigger chambers are associated to the correct13
bunch crossing as a function of β . This figure was produced using the single τ˜ events described above.14
It can be seen that efficiency drops sharply below β = 0.8(0.7) in the endcap (barrel). In order to find15
particles with β < 0.7 (β < 0.6) in the endcap (barrel), ATLAS must collect hits from the following16
bunch crossing (BC). Fortunately the MDT chambers collect data over a 700 ns interval, and thus hits17
from many BCs will be present. The RPC and TGC data acquisition can be set up to read out data from18
±7 and±1 BCs around the triggered BC respectively. The option to read out the information about extra19
BC, which was originally intended for debugging, must be switched on during routine ATLAS operation20
if we want to increase our efficiency for long-lived charged particles.
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Figure 14: The efficiency, as a function of β , for all slepton hits in the muon trigger chambers to be
included in the same BC with fast particles, for the barrel (right)and the endcap (left).
21
The hits from a slow particle may fall outside the correct BC, either for all trigger stations (e.g. if the22
particle is very slow and the trigger was produced by another feature in the event) or hits in the low-pT23
stations in the barrel may arrive in the correct BC, but the hits in the outer station may be late. In such a24
case, even if the pT of the particle was high, it would produce a low pT trigger.25
In GMSB5 the two sleptons are produced with different β ’s, and since most of the sleptons have high26
β , at least one of the two produced sleptons will have β > 0.7 in 99% of the events. The level-1 [50]27
muon trigger efficiency in the correct BC is very high, either from a slepton with high β , or from one of28
the accompanying leptons. Table 15 shows the level-1 trigger efficiencies for GMSB5 events, based on29




• Muon-like signature but:
• due to particle slowness, trigger and data acquisition efficiency 
may be affected:
• R-hadrons most demanding case
- direct pair production → must relies on the two R-hadrons only
- both particles can be slow
- charge flipping (trajectory modified and neutral R-hadrons not visible)








HLT Trigger Path Efficiencies [%]
MU MET ∑ET JET Total
τ
150-250 GeV
~97 ~80 ~90 ~70 >99
g
200-1500 GeV
~15 ~30-60 ~40-95 ~10-50 ~60-95
t
130-800 GeV








6 4 Selection and results with early data
DT
-1!






































Figure 1: Distribution of β−1Tk versus β
−1
DT for background (left) and for the signal sample t˜1 with
mass 500 GeV (right).
selection). No background events pass the above selection in a fully-simulated MC sample cor-
responding to ∼ 1 fb−1. The efficiency of the above selection for signal samples is reported in
Table 3.
In the case where the tails of the two β distributions are higher when they are measured on
data than what is expected from simulation, a tighter selection can be used. The goal is to
have less than one background event expected for 1 fb−1. Several additional cuts can be used
which drastically reduce the background, but have small effects on the signal. They cannot be
properly investigated on the background for the available statistics since the simple selection
proposed above leaves no events.
4.2 Tracker standalone selection
A standalone selection using only the tracker for the βmeasurement is the following:
• 1 reconstructed muon with pT > 100 GeV
• βtk < 0.8.
The muon system is still used but no time-of-flight information is extracted from it. This anal-
ysis has been tested on a sample of events expected to be selected by the muon trigger and cor-
responding to about 1 fb−1 of integrated luminosity. The resulting number of selected events
is reported in Table 4. The efficiency on signal samples is slightly higher than that of the com-
bined analysis given that the DT coverage, which is not required for the standalone selection,
is limited to the barrel region of CMS.
4.3 Systematic uncertainty
The first source of systematic uncertainty is the trigger efficiency for late particles. The final
muon trigger settings for time gates and synchronization can change the efficiency for trigger-
ing on a late particle in the correct bunch crossing. This can easily change the trigger efficiency
by 50% and can shift the spectrum of the recorded HSCP towards higher values of β, further
~• β from specific ionization: CMS
• dE/dx measured in silicon tracker 
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Velocity and Mass measurements
5
• β from time-of-flight:  ATLAS/CMS
• uses muon detectors timing information to extract 
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8 4 Selection and results with early data
Mass (GeV)























































Figure 2: The left plot shows the integrated luminosity (pb−1) needed for 3 events, for the four
signal models (gluino full circles, stop full squares, KK tau empty circles, stau empty squares)
as a function of HSCP mass. The right plot shows the reconstructed mass distribution with
1 fb−1 for two of the lowest cross section samples (300 GeV KK tau and 800 GeV stop).
would be recomputed using more data.
4.4 Discovery and exclusion
In the following, we compute the luminosity needed to observe 3 events in the signal region for
different models as an estimate for the integrated luminosity needed for exclusion/discovery
when no background events are expected. If an excess is observed it is also possible to perform
several cross checks. First, one can check the distribution of the reconstructed mass (as shown
in the right plot of Figure 4.4).
The Poisson probability to observe no events when 3 are expected is 5%. Therefore, we can
claim a 95% C.L. exclusion if no events are observed when the luminosity for 3 events has been
accumulated.
Figure 4.4 shows the required luminosity to select three Heavy Stable Charged Particles for
different signal samples. The error bars correspond to a systematic uncertainty of 50% on the
trigger efficiency.
For the tracker standalone analysis, the luminosity needed for a 95% C.L. exclusion has been
computed with a likelihood ratio method [14], and the result is shown in Figure 4.4.
4.5 Conclusions
Heavy Stable Charged Particles can be discovered with early data for different models and in
different mass regions. The stable gluino search with 1 fb−1 is sensitive to gluino masses above
1 TeV and the GMSB scenarios with stable stau can be discovered with a few 100 pb−1.
• CMS: TOF + dE/dx combined
• βTOF<0.8 + βdE/dx<0.8 + track quality 
requirements
• almost BG free (NBG<<1 with 1 fb-1)
• main BG: SM muons, cosmics
• integrated luminosity to see 3 signal events:
• ATLAS: 
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Long lived charged particles can be 
observed with early data 
in a wide mass range
~- GMSB stable τ can be discovered with O(100) pb-1










Long Lived Neutral Particles decaying in Heavy Flavors
Hidden Valley models are a general class of models 
that predict neutral, long-lived particles
- Hidden Valley particles are SM-neutral, but some 
communication allowed via mediators (Higgs, Z´,LSP, ...)
- Lightest v-particles: πv, stable in the hidden sector, can 
decay back to SM particles via mediator
Slow decay back to 
SM sector
Long Lifetimes Expected

















production can be as large as in SM
  - unique topological signature
  - HV processes almost background free → early discovery potential
M.Strassler and K.Zureck,:  Phys.Lett.B 661:263 (2008)
	 	 	         	   Phys.Lett.B 651:374 (2007)
8two b hadrons 
originating inside the 
hadron calorimeter
two b-hadrons 
decaying inside the 
muon spectrometer   
few low pT 
tracks
A Typical h→πvπv→bbbb Event
_  _
Solution: signature-driven triggers to select 
non IP connected events 
Trigger and reconstruction oriented towards 
objects coming from interaction point:












πv radial decay distance (mm)
πv radial decay distance (mm)
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ATLAS Trigger Handles: Jets and Muons
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Level-1 Muon Candidates multiplicity
Decays near end of Hadron Cal. or in muon 
spectrometer:
- Clusters of tracks/segments in muon chambers in small ΔR 
regions
- No tracks in the Inner Detector
- No energy deposited in calorimeters
Decays in or beyond Electromagnetic Calorimeter:
- EHAD/EEM ratio larger than observed for jets originating at IP
- Jets with no tracks associated in the Inner Detector
S.GIAGU - ICEHP08
ATLAS Hidden Valley Triggers Performances
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Main background from QCD di-jets
Trigger rate @ L=1033 cm-2s-1  ~3 Hz 














5% 3.8% 9.0% ~16%
Three dedicated Level-2 triggers, fed with standard Level-1 Jet/Muon triggers:  
-Trackless Jet with high Log(EHAD/EEM) Trigger
-Trackless Jet with an associated muon Trigger
-Muon Cluster Trigger
 proper lifetime (mm)v!




































Muon RoI cluster trigger (barrel)
Muon RoI cluster trigger (endcap)
Trigger Efficiency VS πv lifetime
good trigger efficiency in a wide πv lifetime range at low background rate
S.GIAGU - ICEHP08
• Many extensions of the Standard Model predict “exotic” signatures that 
can be used as early discovery modes for BSM physics




... very soon we’ll see
• Still a lot of work on real data for both ATLAS and CMS to detect 
long lived particles, but Monte Carlo analyses suggest that clear 
signals can be observed with relatively low integrated luminosity, 
provided these particles are really present on the data ... τ~
g~
t~
